). In contrast, synthesis and degradation of poly(A) take place in the same compartment in E. coli, due to the absence of a nuclear membrane. Moreover, polyadenylation can occur not only on mature mRNAs, but also on fragments , and references therein). Therefore, of 3Ј mRNA ends was recognized as a nearly universal eukaryotic mRNAs are eventually deadenylated and refeature of eukaryotic mRNAs. In contrast, despite pionadenylated within the same cellular compartment, like eering reports on E. coli, Bacillus subtilis, and the archbacterial mRNAs. Second, even nuclear polyadenylation aea, mRNA polyadenylation in bacteria was long recan take place independently of cleavage, also similar garded as anecdotal (Sarkar, 1997). This was due to the to the situation in prokaryotes. For example, extended fact that, unlike in eukaryotic cells, only a small fraction mRNAs that result from terminator readthrough can be of mRNAs is measurably polyadenylated at a given time trimmed back by the exosome and then polyadenylated in wild-type E. coli cells. We now know that this scarcity de novo in yeast (Torchet et al., 2002). Third, the E. does not mean that polyadenylation is rare, but simply coli enzymes RNase II and PNPase may not be truly that the relative activities of PAP and of exonucleases equivalent in the degradation of poly(A) tails or the bodthat remove poly(A) tails in the cell are such that poly(A) ies of mRNAs. Although RNase II activity surpasses tail length is kept to a minimum. Whereas the existence PNPase activity in the cell, it is more sensitive to RNA of bacterial polyadenylation is no longer disputed, the structure. Therefore, structureless poly(A) tails have a metabolism of poly(A) tails and, even more so, their greater chance of being removed by RNase II, whereas biological role-particularly their impact on mRNA stathe more structured internal regions of mRNAs are pribility-appears at almost complete variance in eubacmarily degraded by PNPase. In this respect, RNase II teria as compared to eukaryotes. Focusing on E. coli, and PNPase would be equivalent to the eukaryotic polywhich has been most studied in this respect, we discuss (A)-specific exonucleases and the exosome, respecthese differences in relation to the mechanisms of gene tively. Interestingly, PNPase is regarded as structurally expression in eubacteria and in eukaryotes (for a related equivalent to the exosome core ( 
idly decapped and then degraded by the 5Ј-3Ј exonuclease Xrn1p (in yeast); alternatively (and less frequently), it can enter a 3Ј→5Ј degradation pathway mediated by the cytoplasmic exosome. In contrast, no 5Ј→3Ј exonuclease exists in E. coli, and the action of 3Ј→5Ј exonucleases involved in mRNA decay (presumably mostly PNPase) is usually confined to the scavenging of fragments. Indeed, the initial attack on most intact mRNAs is mediated by endonucleases, generally RNase E (for reviews on bacterial mRNA decay, see Coburn and Mackie, 1999; Grunberg-Manago, 1999). As for poly(A) tails, there is ample evidence that, in sharp contrast with the eukaryotic situation, they destabilize RNA by facilitating exonucleolytic attack. In vitro and in vivo data suggest that deadenylation is rapid compared to the exonucleolytic degradation of the RNA body (especially if this RNA is structured) and that deadenylation is eventually reversible: poly(A) tails can be repetitively degraded and resynthesized by RNase II/PNPase and PAP, respectively. Thereby, poly(A) tails would provide a "toehold" from which PNPase can reiterate its attacks on the body of the RNA until the structures eventually breathe and can be invaded. This model, which contrasts with the situation in eukaryotes where poly(A) removal is slow and irreversible, nicely explains why, paradoxically, RNase II has been found to behave as an mRNA stabilizing factor; indeed, it would remove poly(A) tails without being able to degrade the rest of the RNA efficiently. One may wonder why poly(A) tails appear more labile than the rest of the mRNA in E. coli, whereas the reverse holds in eukaryotes. A reasonable guess is that the structureless poly(A) tails are intrinsically very sensitive to exonucleases but that in vivo they are protected by proteins. Indeed, the Poly(A) Binding Protein (PABP; Figure 1A mRNA; in particular, it is initiated by an RNase E cleavknowledge of poly(A) function in bacteria other than age 5 nt from the 5Ј end. Although this modest truncation E. coli is also limited. Interestingly, however, there is is unlikely to affect RNA structure (it does not abrogate evidence that in chloroplasts and mitochondria, poly(A) biological activity), it is enough to activate very fast details destabilize the mRNAs to which they are appended, cay via the PAP-PNPase pathway (Xu and Cohen, 1995).
as they do in E. coli.
Other striking examples of ordered endo-and exo-
The polyadenylation of mRNA 3Ј ends constitutes an nucleolytic attack exist (for review, see Ré gnier and Marancient trait as attested by its occurrence throughout ujo, 2002). The molecular basis for this ordered action the living world, as well as by the conservation of PAP may reside in the unusual properties of RNase E itself.
sequences (Carpousis et al., 1999) . In addition to its role First, this enzyme associates with PNPase in a "degrain mRNA turnover, polyadenylation plays other essential dosome" that also notably comprises an RNA helicase, roles in eukaryotic gene expression that have no equivaRhlB. As for PAP, even though it does not copurify with lent in bacteria, e.g., in transport of mRNAs from the the degradosome, it can interact with RNase E and RhlB nucleus to the cytoplasm or in translation. The conin vitro (Raynal and Carpousis, 1999). Second, despite trasting impact of polyadenylation on mRNA decay in the fact that it is an endonuclease, RNase E preferentially eukaryotes and in bacteria is just another illustration of cleaves substrates bearing accessible 5Ј monophosthe remarkable functional versatility of this apparently phate (5Јp) extremities, indicating that it binds specifisimple, universal modification of RNA. cally to such 5Ј ends (Coburn and Mackie, 1999). Conceiv-
